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APPEAL BRIEF 



I. THE REAL PARTY OF INTEREST 
Basell Propylene is the real party in interest. Targor GmbH has recently changed its 
name to Basell Propylene. 

II. RELATED APPEALS AND INTERFERENCES 

The undersigned is aware of a pending appeal that may be material (Serial No. 
09/365,624). The Appeal Brief for Serial N.. 09/365,624 was recently filed. Although the 
claims of these applications do not overlap, copending serial no. 09/365,624 and the original 
issued claims from US 5,693,836 (" '836 patent") (this application is the reissue application of 
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the '836 patent) were both involved in separate interferences involving the Karl application 
which eventually became US Patent 6,096,912 (see Exhibit A). The '836 patent was involved 
in an interference no. 104,447 in which issued claims 1-3 of the '836 patent were lost. 

III. THE STATUS OF THE CLAIMS 

Claims 1-3 have been rejected and are the subject of this appeal. These claims are 
attached in Appendix I with all the changes incorporated therein. Appendix II lists the reissue 
claims without the amendments being incorporated therein. All the changes are listed with the 
terms added being underlined and the terms deleted being bracketed. 

IV. STATUS OF AMENDMENTS AFTER FINAL 

A Request for Reconsideration was filed January 18, 2001 and was made of record 
pursuant to the Advisory Action mailed February 5, 2001 (Paper No. 8). An Amendment After 
was mailed February 26, 2001 and was entered and made of record pursuant to the Advisory 
Action mailed March 9, 2001 (Paper No. 10). 

V. SUMMARY OF THE INVENTION 

1. A compound of the formula I in its pure meso-form or as a meso:rac> 1:99 mixture, 
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in which M 1 , R 1 ,R 2 and the radicals R 4 and R 5 are defined in claim 1, R 3 and R 6 are not 
hydrogen, 

R 7 (the bridge between the two indenyl ligands) is 
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M 2 _ t _ M 2 M 2 — , — M 2 (CR 2 13 ) 9 

R ,2 R 12 R I2 R 12 

R 11 R 11 R U 
O M 2 — O , C - , O - M 2 — 9 

R 12 R 12 R 12 

wherein 

R 11 and R 12 are different and are defined in claim 1 and 
R 13 , M 2, R 8 and R 9 , m and n are defined in claim 1 . 

The numbering of 1-7 on the ring system (ligand) indicates the position that is 
substituted. For example, since R 3 and R 6 are not hydrogen, the 2 and 4 positions of each of the 
ligands must be substituted. 

The application contains three claims and two independent claims (claims 1 and 3). All 
three claims have been narrowed since the Decision of the Board in the interference. With 
respect to claim 1, the applicants have deleted the possibility of forming a benzindenyl ring as is 
required by the Karl application which again matured into US Patent 6,096,912 (see Exhibit A). 

In addition, the applicants' claimed invention not only excludes the benzoindenyl ligand, 
but also excludes the possibility that the bridge R 7 has identical substituents R 11 and R 12 . 
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The other independent claim is claim 3 which is directed to four specific metallocene 
compounds that are Me 2 Si(2,4 J 6-trimethyl-l-indenyl) 2 ZrCl 2 , Me 2 Si(2-methyl-4,6-diisopropyl-l- 
indenyl) 2 ZrCl 2 , Me 2 Si(2-methyl-4-phenyl-l-indenyl) 2 ZrCl 2 or ethylene(2 5 4,6-trimethyl-l- 
indenyl) 2 ZrCl 2 . Again, the ring system claim is only an indenyl ligand system. 

VI. REFERENCE APPLIED AGAINST THE CLAIMS 

There are no references applied against the claims. 



VII. THE REJECTION APPEALED FROM 



Claims 1-3 were rejected under Interference Estoppel. 



VIII. THE ISSUES ON APPEAL 



Whether claims 1-3 are rejectable under Interference Estoppel? 



Whether Group I is patentably distinct from the count? 



3. 



Whether Group II is patentably distinct from the count? 



4. 



Whether ex parte Decider should be used as a precedent in this application? 



IX. GROUPING OF THE CLAIMS 



Claims 1-3 are pending in this case. These claims do not stand or fall together. 



Group I hereinafter refers to claims 1 and 2. 



Group II hereinafter refers to claim 3. 
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X. ARGUMENTS 



A. Group I 

Claim 1 has been amended since the interference. The applicants have deleted the possibility 
of forming a benzindenyl ligand as is required by the Karl application. A benzindenyl ligand is as 



The benzindenyl ligand has the two benzene rings attached to the cyclopentadienyl ligand. 
There are an additional ten carbon atoms present (see the numbers 1-10) being bonded to the 
cyclopentadienyl ligand. Claim 1 of Karl requires that R 3 and R 4 and R 5 and R 6 in each case together 
form, a hydrocarbon ring system of 10 to 15 carbon atoms. The benzindenyl ligand has the 
minimum of 10 carbon atoms. This is the minimum ring system claimed in Karl. 

The applicants' claim 1 is limited to an indenyl ligand: 



follows: 
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The indenyl ligand only contains 6 carbon atom (benzene ring) bonded to the 
cyclopentadienyl ring. 

The Karl patent requires another ring being formed to the indenyl ligand. The applicants 
have amended the claim 1 to exclude the possibility of having another ring formed with the indenyl 
ligand. The applicants have deleted the possibility that "two or more radicals R 2 -R 6 , together with 
the atoms connecting them, form a ring system". 

In addition to not containing the ring system of Karl, the applicants 1 claimed invention also 
excludes the possibility that the bridge R 7 has identical substituents (R 1 1 and R 12 ). In the applicants 1 
application, the substituents R 11 and R 12 are different and they are not identical as is required by 
Karl. Karl f s substituents in the bridge are "Z". Z is not disclosed nor claimed as being different. 

Claims 1-3 were rejected on the basis of interference estoppel under 37 CFR§ 1.658(c). The 
applicants believe that the claimed subject matter is patentably distinct over the Count. The 
applicants have deleted the possibility of having a 4,5-benzindenyl ligands from their claimed 
invention. In the Advisory Action, the Examiner correctly referred to the Count as being claim 1 
of the Winter patent or claim 1 of the Karl application. It is true that claim 1 has been amended by 
not only changing the substituents to being different, but also limited the possibility that the 
subsitutents in the indenyl ring form a further ring (see Appendix II). The applicants however are 
claiming a much narrower invention than originally claimed. 

In the Final Office Action dated November 1, 2000, and the Advisory Action dated March 
9, 2001, the Examiner has cited In re Kroekel, et ai y 231 U.S.P.Q. 640 (CAFC 1986) as authority 
to prevent Applicants from presenting the present claims in ex parte proceedings. In Kroekel, the 
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Court denied applicants' argument that they had no obligation to broaden the lost claim during the 
interference proceeding, but could show via Rule 1.131 affidavits that they were the first inventors 
of the generic invention. The Applicants respectfully disagree with the Examiner's assertion that 
In re Kroekel is applicable. 

In Kroekel, the applicants were attempting to broaden claims. In the prior interference, only 
the "species" that was common to both applications was adjudicated. Kroekel did not attempt to 
include the genus in the interference. The amended claim he presented after the interference did 
"not exclude the precise subject matter lost in the interference." Kroekel at 644. The Court stated 
"[i]f [a] claim [is] patentably distinct from the lost count, it [can] not be denied to [Applicants] on 
the sole ground of interference estoppel." Id. at 643 (citation omitted). In the present application, 
the Applicants are narrowing the claims so as to exclude the precise subject matter lost in the 
interference and to be patentably distinct from the Count of the interference. The applicants are not 
trying to broaden their claims, but instead narrow their claims. The CAFC stated that a second 
interference would have to be declared if they permitted the broadening of the claims. However, 
in the applicants' situation a second interference would not be declared, since there is clearly no 
overlap in the applicants' claimed invention and the disclosure or claims of Karl. For the above 
reasons, the applicants do not believe that In re Koekel is related to the Applicants 1 situation. 

During the interview conducted July 7, 2000, the Examiner stated that interference estoppel 
would apply and referred to Ex parte Tytgat, 225 U.S.P.Q. 907 (Bd. App. 1985). In this case, the 
Board did not believe that the difference (in the claimed invention) renders the subject matter on 
appeal patentably distinct from the subject matter of the "lost" counts. Ex parte Tytgat, supra at 
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page 910. 



Furthermore, the Board stated, 

"Thus, it is our view that if a patent is issued to Tytgat containing the claims on 
appeal, two patents claiming patentablv indistinct inventions will have been 
issued ." Tytgat, supra at page 910. (Emphasis added) 

This is clearly not the applicants' situation since there is no overlap between the applicants' claimed 

invention and Karl's claimed application (the application involved in the interference). The two 

patents are not claiming the same invention. Karl's application does not disclose nor claim that the 

substituents in the bridges are different and that the metallocene is limited to indenyl ligands. The 

applicants' claimed invention requires that the substituents are different and are only indenyl 

ligands. 

The Board further emphasized at page 911, 

"We think it most unlikely that Congress could have intended for two patents to be 
issued to different parties for a single inventive concept ." Emphasis added 

Clearly there is not a single inventive concept when both patents can issue without any 
overlapping subject matter as is in this case. 

The applicants believe that a more recent decision Ex parte Deckler 21 U.S.P.Q.2d 1872 (Bd. 
App. 1991) is applicable. In this case, the Board of Appeals stated that interference estoppel is 
proper with respect to claims that contain subject matter identical to both applications and relied 
upon Ex parte Tytgat, supra. However, the Board in this case reversed the rejections of interference 
estoppel inasmuch as the claims do not read directly on common disclosure of the losing and 
winning parties and cited In re Risse, 378 F.2d 948, 154 U.S.P.Q. 1 (C.C.P.A. 1967) and In re 
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Wilding, 535 F.2d 631, 190 U.S.P.Q. 59 (C.C.P.A. 1976). (See Ex parte Decider, supra at page 
1874). As stated above, (1) Karl does not have any disclosure that states that the substituents on 
the bridge can be different. (2) Karl does not claim indenyl ligands (see claim 1 of Karl, R 3 and R 4 
and R 5 and R 6 in each case together form, a hydrocarbon ring system of 10 to 15 carbon atoms). A 
cyclopentadienyl ring system containing a six carbon atom ring would be an indenyl ligand system. 
A cyclopentadienyl ring system 10 carbon atoms ring system would be a benzindenyl ligand system 
as described above. For the above reasons the applicants respectfully request that this rejection 
be withdrawn. 

B. Group II 

This group of claims is limited to four specific species, all limited to substituted indenyl 
ligands requiring at least two specific substitutents at specific locations on the indenyl ligand. These 
species are not at all disclosed in the Karl application. The applicants believe that there is no 
suggestion or teaching in the Karl application to cover these species. It is noted that the original 
claim 3 had thirteen species and was designated as corresponding to the count. However, the 
applicants have deleted nine of the thirteen species and believe that these are patentable distinct from 
the count and the original claim 3. 

Furthermore, the only four remaining examples are not disclosed nor claimed by Karl. 
Me 2 Si(2,4,6-trimethyl-l-indenyl) 2 ZrCl 2 corresponds to examples 7 and 19 in the specification. 
Me 2 Si(2-methyl-4,6-diisopropyl-l-indenyl) 2 ZrCl 2 corresponds to example 8 in the specification 
Me 2 Si(2-methyl-4-phenyM-indenyl) 2 ZrCl 2 corresponds to examples 11, 21 and 34 in the 
specification. Ethylene(2,4,6-trimethyl-l-indenyl) 2 ZrCl 2 corresponds to example 13 in the 

-10- 




SERIAL NUMBER: 09/488,037 



92/F 253 (5591*404) 



specification. The applicants have shown comparative examples in Table 6 of the specification. 

As stated above, the applicants believe that Ex parte Deckler supra should apply. As stated 
above, (1) Karl does not disclose nor claim the applicants' specifically claimed metallocene indenyl 
compounds (see claim 1 of Karl, R 3 and R 4 and R 5 and R 6 in each case together form, a hydrocarbon 
ring system of 10 to 15 carbon atoms). A cyclopentadienyl ring system containing six additional 
carbon atoms would be an indenyl ligand system. A cyclopentadienyl ring system containing an 
additional 10 carbon atoms would be a benzindenyl ligand system.. This group is limited to four 
specific metallocene species all containing specifically substituted indenyl ligands. These are not 
disclosed nor taught by Karl. Since there is no overlap with Karl, the applicants respectfully request 
that this rejection be withdrawn. 



It is believed that the claims define an invention which is new, useful, and unobvious. If the 
applicants are awarded priority in the interference, the applicants request passage to allowance. This 
brief is being submitted in triplicate along with a check in the amount of $3 10.00. 

However, in the event that the undersigned is mistaken in his calculations, an appropriate 
extension of time to respond is respectfully petitioned for, and the Commissioner is hereby 
authorized to charge the account of the undersigned attorneys, Patent Office Deposit Account No. 
03-2775, for any fees which may be due upon the filing of this paper. 



XL CONCLUSION 
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Respectfully submitted, 

CONNOLLY BOVE LODGE & HUTZ LLP 



By [ ^K M J Ia, 
Ashley I. Pezzn? 
Reg. No. 35,646 
Tel. (302) 658-9141 
P.O. Box 2207 
Phone: (302)658-9141 
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APPENDIX I 

1 . A compound of the formula I in its pure meso-form or as a meso:rac> 1 :99 mixture, 



R 4 




(I) 



in which 

M 1 is a metal from group IVb, Vb or VIb of the Periodic Table, 

R 1 and R 2 are identical or different and are a hydrogen atom, a C,-C 10 -alkyl group, a Cj-Cjq- 
alkoxy group, a C 6 -C I0 -aryl group, a C 6 -C 10 -aryloxy group, a C 2 -C 10 -alkenyl group, a C 7 -C 40 - 
arylalkyl group, a C 7 -C 40 -alkyIaryl group, a C 8 -C 40 -arylalkenyl group or a halogen atom, 
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the radicals R 4 and R 5 are identical or different and are a hydrogen atom, a halogen atom, 
a C r C 10 -alkyl group, which may be halogenated, a C 6 -C 10 -aryl group, which may be halogenated, 
or an -NR 2 10 , -SR 10 , -OSiR 3 10 , -SiR 3 I0 or -PR 2 10 

radical in which R I0 is a halogen atom, a C r C 10 -alkyl group or a C 6 -C 10 -aryl group, 

R 3 and R 6 are identical or different and are as defined for R 4 , with the proviso that R 3 and R 6 
are not hydrogen, 

R 11 R 11 R" 

M 2 m 2 — , — M 2 (CR 2 13 ) , 



R 11 

R 7 is — M 2 — , - 



R 



12 



R 12 R 12 



R 



12 



R 



n 



R 



u 



R 



n 



O — M 2 — O , C - , — O - M 2 



R 12 R 12 R 12 

where 

R 1 1 and R I2 are different and are a hydrogen atom, a halogen atom, a C]-C 10 -alkyl group, a C,-C 10 - 
fluoroalkyl group, a C 6 -C 10 -aryl group, a C 6 -C 10 -fluoroaryl group, a C r C 10 -alkoxy group, a C 2 -C I0 - 
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alkenyl group, a C 7 -C 40 -arylalkyl group, a C 8 -C 40 -arylaIkenyl group or a C 7 -C 40 -alkylaryl group, 
R 13 is a hydrogen atom, a halogen atom, a C r C 10 -alkyl group, a C r C 10 -fluoroalkyl group, a C 6 -C 10 - 
aryl group, a C 6 -C 10 -fluoroaryl group, a C r C 10 -alkoxy group, a C 2 -C 10 -alkenyl group, a C 7 -C 40 - 
arylalkyl group, a C 8 -C 40 -arylalkenyl group or a C 7 -C 40 -alkylaryl group, 

or R u and R 12 , or R 11 and R 13 , in each case together with the atoms connecting them, form a ring, 
M 2 is silicon, germanium or tin, 

R 8 and R 9 are identical or different and are as defined for R n , and 

m and n are identical or different and are zero, 1 or 2, where m plus n is zero, 1 or 2. 

2. A compound as claimed in claim 1, wherein, in the formula I, M 1 is Zr or Hf, R 1 and R 2 
are identical or different and are methyl or chlorine, R 3 and R 6 are identical or different and are 
methyl, isopropyl, phenyl, ethyl or trifluoromethyl, R 4 and R 5 are hydrogen or as defined for R 3 and 
R 6 } R 7 is a 

R 11 R 11 
-C- -Si- 
ft 2 R 12 



radical, and m plus n are zero or L 

3. A compound selected from the group consisting of Me 2 Si(2,4,6-trimethyl-l- 
indeny l) 2 ZrCl 2 , Me 2 Si(2-methyl-4,6-diisopropyl- 1 -indenyl) 2 ZrCl 2 , or Me 2 Si(2-methy 1-4-phenyl- 1 - 
indenyl) 2 ZrCl 2 , ethylene(2,4,6-trimethyl- 1 -indenyl) 2 ZrCl 2 . 
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APPENDIX II 

1 . A compound of the formula I in its pure meso-form or as a meso:rac> 1 :99 mixture, 



R 4 




(I) 



in which 

M 1 is a metal from group IVb, Vb or VIb of the Periodic Table, 

R 1 and R 2 are identical or different and are a hydrogen atom, a C,-C I0 -alkyl group, a C r C 10 - 
alkoxy group, a C 6 -C 10 -aryl group, a C 6 -C 10 -aryloxy group, a C 2 -C ]0 -alkenyl group, a C 7 -C 40 - 
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arylalkyl group, a C v -C 40 -alkylaryl group, a C 8 -C 40 -arylalkenyl group or a halogen atom, 

the radicals R 4 and R 5 are identical or different and are a hydrogen atom, a halogen atom, 
a C,-C 10 -alkyl group, which may be halogenated, a C 6 -C l0 -aryl group, which may be halogenated, 
or an -NR 2 10 , -SR 10 , -OSiR 3 10 , -SiR 3 10 or -PR 2 10 

radical in which R l0 is a halogen atom, a C,-C 10 -alkyl group or a C 6 -C 10 -aryl group, 

R 3 and R 6 are identical or different and are as defined for R 4 , with the proviso that R 3 and R 6 
are not hydrogen, 

[or two or more of the radicals R 3 to R 6 , together with the atoms connecting them, form a ring 
system,] 



R 



n 



R 



12 



R 



n 



R n R U 



R 7 is — M 2 — , - M 



R 



n 



R 



n 



M — » — M 



R 12 R 12 R 12 



(CR 2 13 ) 



R 



n 



O — M 2 — O , C - , — O - M 2 — } 



,12 



.12 



R" R lz R' 

[>BR n , >AIR", -Ge-, -Sn-, -0-, -S-, >SO, >S0 2 , >NR", >CO, >PR" or >P(0)R",] 



-ii- 
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where 



R n [, R 12 and R 13 are identical or] and R 12 are different and are a hydrogen atom, a halogen atom, 
aC r C 10 -alkylgroup, a C r C 10 -fluoroalkyl group, a C 6 -C 10 -aryl group, a C 6 -C 10 -fluoroaryl group, 
a C r C 10 -alkoxy group, a C 2 -C l0 -alkenyl group, a C 7 -C 40 -arylalkyl group, a C 8 -C 40 -arylalkenyl group 
or a C 7 -C 40 -alkylaryl group, 

R 13 is a hydrogen atom, a halogen atom, a C r C lt r alkvl group, a C r C t Q -fluoroalkvl group, a C 6 -C 1Q - 
aryl group, a C 6 -C 1 0 -fluoroarvl group, a C r C 1 0 -alkoxv group, a C : -C 1 0 -alkenvl group, a C „-C r - 
arylalkyl group, a C g -C 10 -arvlalkenvl group or a C ^-C 1 0 -alkvlaryl group, 

or R M and R I2 , or R n and R I3 , in each case together with the atoms connecting them, form a ring, 
M 2 is silicon, germanium or tin, 

R 8 and R 9 are identical or different and are as defined for R u , and 

m and n are identical or different and are zero, 1 or 2, where m plus n is zero, 1 or 2. 

2. A compound as claimed in claim 1, wherein, in the formula I, M 1 is Zr or Hf, R 1 and R 2 
are identical or different and are methyl or chlorine, R 3 and R 6 are identical or different and are 
methyl, isopropyl, phenyl, ethyl or trifluoromethyl, R 4 and R 5 are hydrogen or as defined for R 3 and 
R 6 , [or R 4 forms an aliphatic or aromatic ring with R 6 , or adjacent radicals R 4 form an aliphatic or 
aromatic ring, and] R 7 is a 



R 



11 



R 



11 



-C- 



-Si- 



R 



12 



R 



12 
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radical, and m plus n are zero or 1 . 

3. A compound [as claimed in claim 1, wherein the compound of the formula I is] selected 
from the group consisting of [Me 2 Si(2,4-dimethyl- 1 -indeny l) 2 ZrCl 2 , Me 2 Si(2-methyl-4-isopropyl- 1 - 
indenyl) 2 ZrCl 2 , Me 2 Si(2-ethyl-4,methyl-l -indeny l) 2 ZrCl 2 , Ph(Me)Si(2-methyl-4-isopropyl-l- 
indenyl) 2 ZrCl 2 , Me 2 Si(2-methyl-4,5-benzoindenyl) 2 ZrCl 2J ] Me 2 Si(2,4,6-trimethyl- 1 -indeny l) 2 ZrCl 2 , 
Me 2 Si(2-methyl-4,6-diisopropyl-l-indenyl) 2 ZrCl 2 , [Me 2 Si(2-methyl-a-acenaphth-indenyl) 2 ZrCl 2 J 

or Me 2 Si(2-methyl-4-phenyl-l-indenyl) 2 ZrCl 2 , ethylene(2 5 4,6-trimethyl-l-indenyl) 2 ZrCl 2 , 

[ethylene(2-methyl-4,5-benzoindenyl^ 

or Ph(Me)Si(2-methyl-a-acenaphthindenyl) 2 ZrCl 2 ] . 

: :0DMA\MH0DM A\CB; 1 4 1 227; 1 



-IV- 



AILSTAT? LEGAL SUPPLY CO. ONE COMMERCE DRIVE. CRANf ORO. NEW JERSEY 07016 



United States Patent [«] 

Karl et al. 



iiiiiiiiiiiiiiiiiiiiiiiiii 

US006096912A 
[ii] Patent Number: 6,096,912 
[45] Date of Patent: *Aug. 1, 2000 



[54] SOLUBLE CATALYST SYSTEMS FOR THE 
PREPARATION OF POLYALK-1-ENES J 
HAVING HIGH MOLECULAR WEIGHTS j 

[75] Inventors: Eberhard Karl; Werner Roell, both of 
Constance; Hans Brintzinger, 
Leimbacb-Guntershausen; Bcrnhard 
Rieger, Nehren; Udo Stehling, 
Constance, all of Germany 

[73] Assignee: BASF Aktiengesellschaft, 

Ludwigshafen, Germany 

[ * ] Notice: Under 35 U.S.C. 154(b), the term of this 
patent shall be extended for 381 days. 

[21] Apph No.: 08/642,491 
[22] Filed: May 3, 1996 

Related U.S. Application Data 

[62] Division of application No. 08/375,278, Jan. 19, 1995, Pat. 
No. 5,514,760, which is a continuation of application No. 
08/158,777, Dec. 1, 1993, abandoned, which is a division of 
application No. 07/900,427, Jun. 18, 1992, Pat. No. 5,296, 
434. 

[30] Foreign Application Priority Data 

Jun. 18, 1991 [DE] Germany 41 20 009 

Int. CI. 7 C07F 17/00 

U.S. CI 556/11; 556/12; 556/22 

556/23; 556/43; 556/53; 526/127; 526/160: 
526/351; 526/943; 502/103; 502/117; 502/155 

502/158 

Field of Search 556/11, 12, 22, 

556/23, 43, 53; 526/127, 160, 351, 943; 

502/103, 117, 155, 158 

References Cited 
U.S. PATENT DOCUMENTS 

4,794,096 12/1988 Ewen 502/117 

FOREIGN PATENT DOCUMENTS 



[57] 



ABSTRACT 



[51] 
[52] 



[58] 



[56] 



0 185 918 A2 
0 283 739 A2 
0 284 708 Al 
0 316 155 Bl 
0 355 447 A2 
2 207 136 



7/1986 
9/1988 
10/1988 
5/1989 
2/1990 
1/1989 



European Pat. Off. . 
European Pat. Off. . 
European Pat. Off. . 
European Pat. Off. . 
European Pat. Off. . 
United Kingdom . 



Abstract of the Disclosure: Catalyst systems for the poly- 
merization of C 2 -C 10 -alk-l-enes contain, as active 
components, 

a) a metallocene complex of the general formula I 




where M is titanium, zirconium, hamium, vanadium, 
niobium or tantalum, X is halogen or C a -C 8 -alkyl, Y is 
carbon, phosphorus, sulfur, silicon or germanium, Z is 
C a -C 8 -alkyl, C 3 -C 10 -cycloalkyl or C 6 -C 10 -aryl, R 1 
and R 2 are identical or different and are each C 1 -C 4 - 
alkyl, R 3 to R* are identical or different and are each 
hydrogen or C,-C 8 -alkyl, or two adjacent radicals R 3 
and R 4 and R* and R 6 in each case together form a 
hydrocarbon ring system of 4 to 15 carbon atoms and 
n is 0, 1 or 2, and 
b) an open-chain or cyclic alumoxane compound of the 
general formula II or III 



(in) 



Primary Examiner — Porfirio Nazario-Gonzalez 
Attorney, Agent, or Firm — Keil & Weinkauf 



Al — f-O— Al-frrR 7 



I— [-0— A*t5p 



where R 7 is C X -C A -alkyl and n is from 5 to 30. 

The novel catalyst systems are particularly suitable for the 
preparation of polyalk-l-enes having high molecular 
weights. 

7 Claims, No Drawings 
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SOLUBLE CATALYST SYSTEMS FOR THE form * bonds with the transition metal. Transition metal 

PREPARATION OF POLYALK-1-ENES complexes which, in addition to organic ligands, also con- 

HAVING HIGH MOLECULAR WEIGHTS tain halogens bonded to the metal atom are also frequently 

used as catalysts. 

This is a division of application Ser. No. 08/375,278, 5 EP-A 284 708 and 316 155 and EP-A 355 447 describe 
filed Jan. 19, 1995, now U.S. Pat. No. 5,514,760, which is soluble catalyst systems for the polymerization of alk-1- 
a FWC of Ser. No. 08/158,777, filed on Dec. 1, 1993, now enes, in which bis(cydopentadienyl) complexes of metals of 
abandoned, which is a division of Scr. No. 07/900,427, filed subgroup IV of the Periodic Table are used as complex 
Jun. 18, 1992 now U.S. Pat. No. 5,296,434. compounds, the two cyclopentadienyl rings being bonded by 

The present invention relates to catalyst systems for the io an alkyl-substituted silicon, tin or germanium atom or by 
polymerization of C 2 -C 10 -alk-l-enes, containing, as active sulfur atoms. Transition metal complexes in which the 
components, cyclopentadienyl rings are substituted by alkyl and which 

a) a metallocene complex of the general formula I contain, as further ligands, two halogens bonded to the 

transition metal may also be used. The oligomeric aluminum 
( 15 compounds preferably used arc linear or cyclic alumoxane 
compounds of the general formula II or III. 

With the aid of such catalyst systems it is possible to 
obtain polymers of propylene which have, inter alia, a 
relatively narrow molecular weight distribution. In contrast 
20 to polypropylene which is prepared by using insoluble 
Ziegler-Natta catalysts, the molecular weights of the 
(Z)nY^ ^ polypropylenes obtained in this manner are substantially 

lower, so that they cannot be used for many applications 
where polymers having molecular weights of more than 
25 100,000 are employed. 

A possible method for increasing the molecular weights of 
polyolefins is to reduce the reaction temperature during the 
polymerization. Propylene polymers having molecular 
weights of about 50,000 (M„) are obtainable in this manner, 
where M is titanium, zirconium, hafnium, vanadium, 30 for example in EP-A 355 447. In this measure, however, the 
niobium or tantalum, X is halogen or Chalky!, Y is increase in the molecular weights is associated with a 
carbon, phosphorus, sulfur, silicon or germanium, Z is substantial decrease m the polymerization rate, le. a sub- 
Q-Q-alkyl, C 3 -C 10 -cycloalkyl or C 8 -C 10 -aryl, R 1 stanlial increase ,n the reaction time, so that the reduction of 
and R 2 are identical or different and are each C a -C 4 - lhe reaction temperature has an adverse effect on the cost- 
alkyl, R 3 to R 6 are identical or different and are each 35 efficiency of the production process, 
hydrogen or C,-C 8 -alkyl, or two adjacent radicals R 3 l{ is an ob J ecl of lhe P resent ^vention to overcome this 

and R 4 and R^ and R 6 in each case together form a disadvantage and to provide an improved soluble catalyst 
hydrocarbon ring system of 4 to 15 carbon atoms and svstem which makes 11 P 0SSlble t0 P re P are Polyalk-l-enes 
n is 0 1 or 2 and w * tn n *& n m °l ecular weights in a very economical manner. 

, , , r 40 We have found that this object is achieved by the soluble 

b) an open-chain or cyclic alumoxane compound of the . , _ , t < * t t J 
7 , f l II in catalyst systems defined at the outset. 

general tormuia 11 or ill According to the invention, metal complexes of the gen- 

eral formula I, where titanium, zirconium, hafnium, 
^ vanadium, niobium or tantalum are used as the central atom 

R \ _ 7 45 M, are used. In the metal complexes to be used according to 

R 7/ A3_ J | 1 ^ srR the invention and of the general formula I, the central atom 

r? is bonded on the one hand via k bonds to substituted 

(in) cyclopentadienyl groups and on the other hand to further 

| 1 substituents X, which may be fluorine, chlorine, bromine or 

I — f-o— Ai^r- 1 50 iodine or Q-Cg-alkyl. Metallocene complexes of the gen- 

^ 7 eral formula I in which M is zirconium or hafnium and X is 

chlorine or bromine are preferably used. 

Furthermore, the metal complex to be used according to 
where R 7 is Cj-Q-alkyl and n > s fr° m 5 to 30. the invention and of the general formula I contains, in 

The present invention furthermore relates to a process for 55 addition to the central atom and its substituents and the 
the preparation of polymers of propylene with the aid of substituted cyclopentadienyl groups, also a bridge member 
these catalyst systems and to the polymers obtainable by this (Z)„Y, which bonds the two cyclopentadienyl groups to one 
process. another. Here, Y is carbon, phosphorus, sulfur, silicon or 

In addition to the insoluble Ziegler-Natta catalysts, germanium, Z is C 2 -C 8 -alkyl, C 3 -C 10 -cycloalkyl or 
soluble catalysts systems can also be used for the polymer- 60 Q-CjQ-aryl and n is 0, 1 or 2. 

ization of alk-l-enes. Said soluble catalyst systems are In the preferably used metallocene complexes of the 
complex compounds of metals of subgroups IV and V of the general formula I, Y is carbon, sulfur or silicon, Z is 
Periodic Table with organic ligands, which are used in Q-Q, -alkyl and n is 2. 

conjunction with oligomeric aluminum compounds (EP-A A further important component of the metal complexes to 
185 918, EP-A 283 739 and GB-A 2 207 136). The complex 65 be used according to the invention and of the general 
compounds used in these catalyst systems contain, as formula I are substituted cyclopentadienyl groups. These 
organic ligands, generally cyclopentadienyl groups which each contain radicals R 1 or R 2 which are identical or 
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different and are each C 3 -C 4 -alkyl, in particular methyl, -continued 

ethyl, isopropyl or tert-butyl. These cyclopentadienyl groups (in) 

also have the substituents R 3 to R 6 , where R 3 to R 6 are | ~| 

identical or different and are each hydrogen or Q-Cg-alkyl, \"° 

or two adjacent radicals R 3 and R 4 and R 5 and R 6 in each 5 R 7 
case together form a hydrocarbon ring system of 4 to 15 

carbon atoms. Metallocene complexes of the general for- where r7 is preferably methyl or ethy] and m is p re f e rably 

mula I whose cyclopentadienyl groups have substituents R fr om io to 25. 

to R 6 where R 3 and R 5 are each Cj-Q-alkyl and R 4 and R 6 10 Th e preparation-of these alumoxane compounds is usu- 

are each hydrogen and two adjacent radicals R 3 and R 4 and ally carried out by reacting a solution of trialkyl-aluminum 

R 5 and R 6 in each case together form a hydrocarbon ring with water and is described in, inter alia, EP-A 284 708 and 

system of 4 to 12 carbon atoms, for example an indenyl U.S. Pat. No. 4,794,096. 

system, are preferably used. The number of carbon atoms of As a rule, the alumoxanes obtained are a form of mixtures 

the hydrocarbon ring systems includes the two carbon atoms 15 of both linear and c y clic chain molecules of different 

of the cyclopentadienyl system which serve as linkage 50 ,hat m ^ould be regarded as an average value. 

. . A [ , ./ . n 3 < n6 .i_.r T The alumoxane compound may also contain tnalkylalumi- 

points with the substituents R to R so that, for example . , r „ / , i 1 . 0 

F , - , . , - , - , ' , , , num compounds whose alkyl groups are each of 1 to 8 

when R 3 and R and R and R are in each case cyclohexyl, carbon atomSj for examp , e lrimethyK tricthyl- or methyldi- 

there are altogether two hydrocarbon ring systems, each of 2 q ethylaluminum 

6 carbon atoms. j n the polymerization of alk-l-enes with the aid of the 

Examples of particularly preferred metallocene com- novel catalyst system, it is advantageous to use the metal - 

plexes include locene complex a) and the alumoxane compound b) in 

dimethylsilanediylbis-(2-methylindenyl)-zirconium amounts such that the atomic ratio of aluminum from the 

dichloride 25 alumoxane b) to the transition metal from the metal-locene 

diethylsilanediylbis-(2-methylindenyi)-zirconium complex a) is from 10:1 to 10 6 :1, in particular from 10:1 to 

dichloride l(r:l. The two catalyst components can be introduced into 

,. it _ . ' ,. ... ,^ • i • i 1X . the polymerization reactor individually in any order or as a 

dimethylsilanediylbis-(2-methylindenyl)-zirconium • ; A i i *■ i ui ♦ i . * ~ ■ 

' J v J J / mixture. A particularly reactive soluble catalyst system is 

dichloride, 30 obtainable when the metallocene complex a) and the alu- 

dimelhylsilanediylbis-(2-isopropylindenyl)-zirconium moxan e compound b) are mixed with one another from 5 to 

dichloride, 60, preferably from 10 to 40, minutes before the actual 

dimethylsilanediylbis-(2-tert-butylindenyl)-zirconium polymerization. The catalyst activated in this manner can 

dichloride, then be used immediately. 

diethylsilanediylbis-(2-methylindenyl)-zirconium 35 With the aid of these soluble catalyst systems, it is 

dibromide, possible to prepare polymers of alk-l-enes. These are under- 

dimethylthiobis-(2-methylindenyl)-zirconium dichloride, stood as meaning homo- and copolymers of C 2 -C 10 - alk * 1 - 

dimethylsilanediylbis-(2-methyl-5-methylcyclopenta- enes, ethylene, propylene, but-l-ene, pent-l-ene and hex-1- 

dienyl)-zirconium dichloride, ene preferably being used as monomers. The novel catalyst 

dimethylsilanediylbis-(2-methyl-5-ethylcyclopentadienyl)- 40 svstems are particularly suitable for the preparation of 

zirconium dichloride polypropylene and of copolymers of propylene with minor 

dimethylsilanediyIbis-(2-ethyl-5-isopropylcyclopenta- aniounte of other (VQcj-alk-l-enes, in particular of ethyl- 

n . • j- ui -j ene and but-l-ene. 

dienyl)-zirconium dichloride, ™ _ t . . .... 

,. .l , -i « . 1 1_ * / '"i • i • j 1X . The preparation of these polymers can be earned out m 

dimethylsilanediylbis-(2-melhylindanyl)-zirconium tl _ i * j , f 4 . , ^ * 

J J v J J J 45 the conventional reactors used for the polymerization or 

1C .°I\ e ' ^ < ,~ ,x • alk-l-enes, either batchwise or, preferably, continuously. 

dimethylsilanediylbis-(2-methylbenzindenyl)-zirconium Suhable react0fS inc]ude continuously operated stirred 

dichloride and kettles and a number of stirred kettles connected in series 

dimethylsilanediylbis-(2-methylindenyl)-hafnium dichlo- may ^ used 

ride. 50 The polymerization is carried out at from 0.1 to 3,000, 

The synthesis of such complexes can be carried out by preferably from 0.5 to 2,500, bar and from -20 to 300° C, 

conventional methods, the reaction of the correspondingly preferably from +10 to +150° C. The polymerization time is 

substituted cycloalkenyl anions with halides of titanium, usually from 0.5 to 10 hours. 

zirconium, hafnium, vanadium, niobium or tantalum being Polymerization reactions carried out with the aid of the 

preferred. Examples of corresponding preparation processes 55 novel catalyst system can be effected in the gas phase, in 

are described in, inter alia, Journal of Organometallic Chem- liquid monomers or in inert solvents. The polymerization in 

istry 369 (1989), 359-370. solvents, in particular in liquid hydrocarbons, such as ben- 

In addition to the metallocene complex, the novel catalyst zene or toluene, is preferably used. In this case, it is 

system also contains linear or cyclic alumoxane compounds advantageous if from 1(T 4 to 10" 1 mol of aluminum as 

of the general formula II or III 60 alumoxane is used per liter of the solvent. 

The average molecular weight of the polymers formed 
can be controlled by the methods conventionally used in 
polymerization technology, for example by the addition of 
regulators, such as hydrogen, or by changing the reaction 

r?^ J 65 temperatures. 

R 7 Polymers prepared with the aid of the novel catalyst 

systems have a high molecular weight and a narrow molecu- 



(") 

Al — f-O — Atjm~R 



6,096,912 



15 



20 



lar weight distribution. They can also be prepared at rela- 
tively high temperatures, with the result that the polymer- 
ization time can be limited. Owing to these properties, the 
polymers obtainable using the novel catalyst systems are 
particularly suitable for the production of films and mold- 5 
ings. 

EXAMPLES FOR THE PREPARATION OF 
POLYPROPYLENE 

10 

Example 1 

350 ml of dry toluene were initially taken in a stirred 
autoclave having a useful volume of 1 1, and a solution of 
0.45 g of methylalumoxane (average chain length m-20) in 
30 ml of toluene was then added. 7.6. 10" 3 mol of aluminum 
was used per liter of the solvent. A solution of 15 mg of 
dimethylsilanediylbis-(2-methylindenyl)-zirconium dichlo- 
ride (corresponding to 31.2-10"* mol) in 15 ml of toluene 
was then added, so that the atomic ratio of aluminum to 
zirconium was 244:1. This mixture was first stirred for 30 
minutes at 50° C, after which propylene was forced in under 
a pressure of 2 bar and polymerization was carried out for 4 
hours and 40 minutes. The polymerization was effected at 
50° C. and 2 bar. Thereafter, unconsumed propylene was 
removed and a mixture of 1 1 of methanol and 10 ml of 
concentrated hydrochloric acid were added to the reaction 
solution. The precipitated polymer was filtered off, washed 
with methanol and dried under reduced pressure. 45 g of 
polypropylene having a weight average molecular weight 
(MJ) of 114,200, a number average molecular weight (Mj 
of 41,500 and a molecular weight distribution (MJMJ of 
2.75 were obtained. 

Example 2 

35 

The procedure was similar to that of Example 1, 350 ml 
of dry toluene likewise being initially taken and a solution 
of 0.45 g of methylalumoxane (m=20) in 30 ml of toluene 
then being added. Thereafter, a suspension of 0.5 mg of 
dimelhylsilanediylbis-[3,3'-(2-methylbenz-indenyl)]- 40 
zirconium dichloride in 20 ml of toluene was added, so that 
the atomic ratio of aluminum to zirconium was 8950:1. The 
further procedure was then as described under Example 1. 

51 .4 g of polypropylene having a weight average molecu- 
lar weight (M^) of 142,896, a number average molecular 45 
weight (M w ) of 91,917 and a molecular weight distribution 
of 1.55 were obtained. 



Pentad content, measured by 13 C-NMR: amount mmmm= 

93.5%. 

We claim: 

1. A metallocene complex of the formula I 
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where M is titanium, zirconium, hafnium, vanadium, nio- 
bium or tantalum, X is halogen or Ci-Cg-alkyl, Y is carbon, 
phosphorus, sulfur, silicon or germanium, Z is C ± ~C 8 - alkyl, 
C 3 -C 10 -cycloalkyl or C 6 -C 10 -aryl, R 1 and R 2 are identical 
or different and are each Q-CValkyl, two adjacent radicals 
R 3 and R 4 and R 5 and R 6 in each case together form, a 
hydrocarbon ring system of 10 to 15 carbon atoms and n is 
0, 1 or 2. 

2. A metallocene complex as claimed in claim 1, in which 
M is hafnium or zirconium. 

3. A metallocene complex as claimed in claim 1, in which 
X is chlorine or bromine. 

4. A metallocene complex as claimed in claim 1, in which 
Y is carbon, sulfur or silicon. 

5. A metallocene complex as claimed in claim 1, wherein 
R 1 and R 2 are identical or different and are each methyl, 
ethyl, isopropyl or tert-butyl. 

6. A metallocene complex as claimed in claim 1, in which 
two adjacent radicals R 3 and R 4 and R 5 and R 6 in each case 
together form a hydrocarbon ring system of 10 to 12 carbon 
atoms. 

7. Dimethylsilanediylbis-(2-methylbenzindenyl)- 
zirconium dichloride. 



